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Abstract 
Bioactive compounds found in mangosteen extract and pericarp and are found to have 
antioxidant properties. This naturally occurring antioxidant can prevent the degenerative 
process in brain cells in most of the mental disorders like Schizophrenia and Alzheimer by 
various unknown mechanisms mainly scavenging free radicals. Consumption of antioxidant 
supplement is related with the prevention of oxidative stress and damage. So, these studies 
aim to investigate and identify these bioactive compounds in mangosteen extract the DPHH 
and ABTS antioxidation assay confirmed the antioxidation properties of bioactive 
compounds which were isolated. Antioxidant percentage scavenging activity measure with 
DPHH assay was highest in 30 % and 40% ethanolic fraction of mangosteen extract and was 
found to be 87.54% and 87.99%. These bioactive compounds were identified as catechin and 
Procyanidin (dimer) which molecular weight 290 KD and 578 KD respectively. Overall, this 
study demonstrated the bioavailability d antioxidant rich bioactive compounds in different 
ethanolic fraction of mangosteen extract which may have antipsychotic activities.  
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Chapter1. Introduction 
1.1.Project Background 
There are 1% people in this world who are suffering from Schizophrenia around 44 million 
people who are diagnosed with Alzheimer every year worldwide. These mental disorders are 
burden to the society as well as to their families. Both these diseases are chronic, but the 
conventional treatment is very costly. It further increases the financial burden upon the 
families. All the treatments are associated with negative side-effects or outcomes.  So, there 
is need to have some natural treatment which can act as adjunct to the first line treatment. 
There is long way to understand the biological and cellular changes occurring during these 
diseases but there is clear cut role of oxidation of the cells of the brain in these kinds of 
disorders (Dean O 2008). So, if somehow, we can reduce the oxidation of the brain cells or 
slower it we can help in the treatment of most of the mental disorders and helps in 
underpinning these chronic disorders. Thus, in this project we are trying to isolate bioactive 
compounds in mangosteen pericarp and its extract which may have antipsychotic properties. 
1.2.Bioactive compounds  
Bioactive compounds can be defined as the secondary metabolites which can be very 
significant from pharmacological point of view (Bernhoft2010). Secondary metabolites in the 
plants are the secondary side track products which are not essential for the normal 
functioning of the plants. Many of these bioctives but play significant role in protection 
against many diseases resulting as result of oxidative stress, protection against free radicals 
and hence function as antioxidants(Bernhoft2010; Kaur and Kapoor2001)Most of the 
varieties  of the plants are capable of producing the  bioactive compounds. Amount of the 
bioctives compounds in fruits and vegetables may vary according to the environmental 
conditions, light factors, genetic factors, time of maturity and post harvesting treatments. 
Harvesting of the fruit at particular maturity stages determine the levels of bioactive 
compounds in fruits (Deepa et al. 2007). Most of the bioactive compounds, vitamins and 
minerals in fruits are in liquid form which makes it more accessible (Bio available) in human 
diets. It is suggested that wide variety of plant based diet should be consumed if we want to 
have the greater health benefits from vegetables and fruits (Liu 2003). It is also suggested that 
risk of oxidative stress related diseases is declined to major extent if diet rich in fruit and 
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vegetables is consumed. So, deadly diseases like cancer and heart attacks are preventable 
with good diet only. Natural antioxidants present in fruits can slower down the oxidative 
stress which is triggered by free radicals by scavenging the free radicals. Antioxidants 
prevent or slow down the oxidative stress that is induced by free radicals. Fruits and 
vegetables contain a wide range of antioxidant compounds (Phytochemicals) that may help 
the protection of cellular system from oxidative damage and risk of chronic diseases (Liu 
2003). 
Bioactive compounds also known as phytonutrients are observed to have many health 
benefits which can reduce the risk of heart ailments, cancer and other diseases. Bioactive 
compounds may include carotenoids and flavonoids (anthocyanins, phenolic acids, and 
polyphenols). The antioxidant capacity of fruits is related to their contents of anthocyanins, 
phenolic compounds, carotenoids, ascorbic acid and vitamin E. In general, exposure of intact 
fruits to stress increases biosynthesis of phenolic compounds and antioxidant capacity 
(Gonzalez A, 2011). 
1.3.The mangosteen fruit 
Mangosteen fruit has a long history of medicinal use in Chinese and Ayurvedic 
medicine(Shibata,  et al. 2011). Many tropical plants have interesting biological activities 
with potential therapeutic applications. Garcinia mangostana Linn. (GML) belongs to the 
family of Guttiferae and is named “the queen of fruits” (Farnsworth et al., 1992). It is 
cultivated in the tropical rainforest of some Southeast Asian nations like Indonesia, Malaysia, 
Sri Lanka, Philippines, and Thailand. People in these countries have used the pericarp (peel, 
rind, hull or ripe) of GML as a traditional medicine for the treatment of abdominal pain, 
diarrhoea, dysentery, infected wound, suppuration, and chronic ulcers (Moongkarndi et al., 
2004) 
1.4.Bioctives compounds of Mangosteen 
Mangosteen has shown to have various polyphenolic compounds like Xanthones, Garcinone 
E, anthocyanins, gartanin and tannins (Petiwala et al., 2014). Prenylated xanthones like α and 
β-Mangostin present in the pericarp of the mangosteen reported to possess numerous 
bioactivities (Bumrungpert et al., 2009) and traditionally pericarp of mangostana was used in 
Southeast Asia to treat various common ailments like diarrhoea and Skin infections 
(Balasubramanian et al., 1998). Xanthones from pericarp have been shown to exhibit various 
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antioxidant, anti-inflammatory, anti-obesity (Qian et al., 2015), anticancer   antimicrobial and 
neuroprotective activities in- vivo and in- vitro. Besides 13 known Xanthones in mangosteen 
pericarp, there is identification of one new bioactive compound named as 7-o-demethyl 
mangostanin (Sun etal., 2006). 
 
 
Figure 1: Diagram showing chemical structures of various bioactive compounds found in 
mangosteen extract, mainly Xanthone family,  
There are two major studies has shown antioxidant enhancing property of polar fraction of 
ME pericarp in clinical trials. A study by Suthammarak et al., 2016 shown that Mangosteen 
pericarp extracts have antioxidant enhancing property. In another major study the efficacy of 
Garcinia Mangostana L. Pericarp as an Adjunctive to second generation antipsychotics for 
the treatment to Schizophrenia has been studied (Laupu 2014). 
1.5.Medicinal and Biological properties of mangosteen  
1.5.1 Antioxidation properties: Plants are recognized as major (Naczk,  et al. 2011, 
Devatkal, Thorat et al. 2014)or sources of natural antioxidants(Ajila et al. 2007, Fu  et al. 
2010). They contain a variety of substances called Phytochemicals. The antioxidant phyto-
chemicals include flavonoids and other polyphenols. Among various parts of plant, fruits are 
important as a naturally antioxidant source. Interestingly, the peel fractions of some fruits, 
such as orange, banana, mango, pineapple (Guo et al. 2003) and mangosteen (Naczk et al. 
2011), have higher antioxidant activity than the pulp fractions. Antioxidant compounds have 
been identified in the peel of pomegranate (Iqbal et al. 2008), mango (Ajila et al. 2007), citrus 
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(Oboh et al., 2011; Zia-ur-Rehman 2006 banana (Devatkal et al. 2014; González-Montelongo 
et al.2010), rambutan (Okonogi et al. 2007) and mangosteen (Zarena et al., 2009a). 
If metabolic compounds like Xanthones to be used for health benefits they must be targeted 
to specific body tissues. Xanthones isolated from Mangosteen found to show various 
antioxidation activities which has been shown by various methods like DPHH, ABTS, Ferric 
thiocyanate assay Oxidative stress is closely related to Schizophrenia (Ng F et al., 2008) and 
mangosteen pericarp has been shown to have antioxidant and anti-inflammatory properties 
that might be relevant to a variety of medical conditions including schizophrenia. Garcinia 
Mangosteen pericarp extract have shown to prevent the hypertension and cardiovascular 
remodelling induced by Nω-Nitro-l-arginine methyl ester (l-NAME) with reduced oxidative 
stress and inflammation in nitric oxide deficient mice (Boonprom et al., 2017).  A water-
soluble partition of mangosteen extract have been shown to protect SK-N-SH neuroblastoma 
cell line from beta amyloid induced oxidative stress and changes the protein profile of the 
cells (Moongkarndi et al., 2004). Sattayasai et al., 2013 also provide convincing evidence for 
the antioxidant effects of Mangosteen extract. Both the studies have shown protective effect 
of ME towards SK-N-SH from reactive oxygen species (ROS).in another study by 
Suthammarak et al., 2016, the polar fraction of Mangosteen pericarp shown to have enhanced 
antioxidant properties and its safety in Human beings is also been evaluated. This study also   
showed decrease oxidative levels to proteins of Red Blood Cells as well as of whole blood by 
enhancing its antioxidant capabilities. Bio-actives compounds like α-Mangostin and γ-
Mangostin also shown to have significant free Radical Scavenging and oxidation (Yu et al 
2007). Greater activity of γ-mangostin than α-mangostin has been shown by 
morpholinosydnonimine-derived peroxynitrite method (Jung HA et al.,2006).  Using 2,2′-
azino-bis (3-ethylbenzthiazoline-6-sulfonic acid (ABTS) and DPPH assays, Leong and Shui 
tested the antioxidant capacities of various fruits in Singapore market including fruits, 
including G. Mangostana. According to this test G. Mangostana was amongst top eight fruit 
showing most efficient antioxidation (Leong et al., 2002).β-Mangostin also shown to induce 
the p53-dependent G2/M cell cycle arrest and apoptosis through ROS mediated 
mitochondrial pathway and Nfk-β suppression in MCF-7 cells (Syam S et al., 
2014).Moreover, a randomised study done on a humans also shown to have improved in vivo 
antioxidant and anti-inflammatory biomarkers on consuming Mangosteen based drinks (Xie 
et al., 2015). ORAC method was used as antioxidation biomarker. 
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1.5.2. Other medicinal properties of mangosteen fruit: Recently in a study done by Yang 
et al.,2017 Mangosteen pericarp containing Prenylated Xanthone and 13 others known 
xanthones structures have been established by spectroscopic data analysis, including X-ray 
diffraction. All the bioactive compounds have been tested for cytotoxic activity against seven 
cancer cell lines (CNE-1, CNE-2, A549, H490, PC-3, SGC-7901, U87). Prenylated xanthones 
like α and β-Mangostin present in the pericarp of the mangosteen reported to possess 
numerous bioactivities (Bumrungpert 2009) and traditionally pericarp of mangostana was 
used in Southeast Asia to treat various common ailments like diarrhoea and Skin infections 
(Balasubramanian, 1998). Xanthones from pericarp found to show various antioxidants, anti-
inflammatory, anti-obesity (Qian et al., 2015), anticancer antimicrobial and neuroprotective 
activities in vivo and in vitro. 
 In this study done by Jisupa et al.,2018, they found that mangosteen extract shown to 
inhibited hydrogen peroxide (H2O2)‐induced intracellular reactive oxygen species (ROS) 
production in human neuroblastoma cells (SK‐N‐SH)(Moongkarndi P,2004)and as well as  
increased levels catalase (CAT) and heme oxygenase‐1 in both SK‐N‐SH and human 
embryonic kidney (HEK‐293) cells on treatment with mangosteen extract. In addition, 
elevation of CAT enzyme activity was observed in ME‐treated SK‐N‐SH cells. Mangosteen 
extract have a possessed a good number of antioxidants which can be determined by 
anti‐lipid peroxidation, H2O2 scavenging activity and 2,2‐diphenyl‐1‐picrylhydrazyl (DPPH) 
scavenging activity assays. 
 
Methods for determining Anti-oxidant and anti-inflammatory property of Bio-active 
compounds from Mangosteen 
 
1.6.Analytical methods to evaluate antioxidant properties  
There are several analytical methods to evaluate antioxidant properties of bioactive 
compounds present in mangosteen pericarp peel extract but selection of methods for 
evaluating antioxidant property depends on the oxidation sources. In general, antioxidant 
assays are classified as single electron transfer and hydrogen atom transfer based assays. In 
previous researches, the antioxidant activity of mangosteen peel extract has been reported 
using the following methods:1,1 diphenyl-2-picrylhydrazyl (DPPH) radical (Yoshikawa et al. 
1994,Kosem et al. 2007,Maisuthisakul et al. 2007,Okonogi et al. 2007,Surveswaran et al. 
2007,Yu et al. 2007,Pothitirat et al. 2009), oxygen radical absorbance capacity (ORAC),2,2-
azinobis (3-ethylbenzoyhia-zoline-6-sulfonic acid) diammonium salt (ABTS) cation 
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radical(Zarena and Udaya Sankar 2009a), Ferrous ion (Fe2+) chelating activity(Zarena 
Udaya Sankar 2007 a), ferric reducing antioxidant power (FRAP), ferric thiocyanate  (FTC) 
method (Kosem et al.,2007) and thiobarbituric acid (TBA) assay (Zarena 2009), superoxide 
anion radical (O2•-) scavenging activity (Yu et al.,2007),  Nitric oxide radical (•NO) 
scavenging method ( Kosem et al.,2007) and peroxynitrite (ONOO) scavenging activity (Jung 
et al 2006), the deoxyribose assay( Zarena and Udaya Shankar 2007 c), hydroxyl 
radical(•OH) scavenging activity( Garcia et al., 2005), phosphomolybdenum method and  
cytochrome c reducing capacity(Zarena Udaya Sankar 2007 b).The anti-inflammatory 
property of α- and β-mangostin were evaluated by carrageenan-induced paw edema in mice. 
 
1.7.Objective and goals of the project 
The main objective of this project is to identify bioactive compounds which have 
antioxidation properties and to characterize them. Another main objective is to provide these 
identified bioactive compounds for the animal studies to investigate if these compounds are 
responsible for any antipsychotic activity. These studies then can be further used for the 
production of natural medicines which would be cheap and can be used as adjunctive therapy 
with the first line treatment of mental disorders. 
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Chapter 2. Material and Methods 
2.0. Ethanolic extraction of a mangosteen extract powder (Vitalxan): A clinical sample of 
mangosteen extract named vitalxan was provided. 
2.1. Extract preparation: was prepared by dissolving 10g of mangosteen extract sample in 
250ml of 20% ethanol. This preparation was kept for 6-8 h.  
2.3. Bead preparation: Then beads preparation was done by mixing 80g of beads in 400ml 
of 40% ethanol and kept for 3-4 h.  
2.4. Column Pre-pack preparation: Double columns (lower and upper) were set by placing 
glass wools inside. After putting the glass wool in the lower column, it was packed with 40% 
beads solution and was kept for setting for atleast I h.  
2.5. Extract pre-treatment with Resin (solid Resin): 20g C18 beads were weighed and kept 
in round bottom flask. Then 250 ml of already prepared extract (80gms in 40%, 400ml 
ethanol) was added into the flask. It was mix properly and kept for 2-3 h but can be kept 
overnight too. 
2.6. Rotavap of the pre-treated mangosteen Extract:  Rotavap machine was used for 
vaccum evaporation. To start the Rotavap, the temperature should be 10°C for the coolant 
condenser. Then main temperature should be set at 5°C. Then using the rotating button rpm 
should be set at 90-100 after adjusting the rotor vaccum opening valve. By placing the beads 
and extract sample in Rotavap we can evaporate the ethanol at 40-50° C, which is then 
collected in another flask and left with the crude mangosteen extract. Then the beads and 
sample extract were collected and dissolved in 300ml of 1% ethanol for 30 minutes. The 
evaporated ethanol collected in another flask must be discarded at the end.  
2.7. Re-conditioning of the columns: The reconditioning of upper and lower column is done 
with 1% ethanol. 100 ml of 1% ethanol is added in the upper column to settle down the glass 
wool while 600 ml of 1% ethanol is added in the lower column for reconditioning. Then the 
sitting is left for 1-2 h. We can also use vaccum machine to speed up the process. But the 
vaccum machine was not used in this case.  
2.8. Elution with gradients of ethanol: 300 ml of final extract was poured into the upper 
column and then elution’s were done by making gradients of ethanol starting from 1% ,10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% and 100%. The eluted sample was collected in 
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10 ml amount in capped bottles. F or 1% ethanol gradient we collected 3 samples namely 1A, 
1B and 1C. So, there were 13 samples of 100 ml each. These samples were having unknown 
bioactive compounds. These samples were refrigerated at 4 °C for further analysis. 
2.9. Antioxidant assays: To investigate the antioxidant property for unknown bioactive 
compounds in different ethanolic gradient extractions, two main assays were performed. 
2.9.1. DPHH assay: It is also known as 1,1 diphenyl-2-picrylhydrazyl (DPPH) radical 
scavenging assay.  (Yoshikawa et al. 1994, Kosem et al. 2007, Maisuthisakul et al. 2007, 
Okonogi et al. 2007, Surveswaran et al. 2007, Yu et al. 2007, Pothitirat et al. 2009). DPHH 
scavenging activity involves the donation of hydrogen ion to scavenge the DPHH+.. As the 
DPHH+ ions are captured by the antioxidants in the sample, the purple color of the solution 
changes to pale yellow and there is decline in the absorbance too (Bonder et al.,2007). DPHH 
assay was performed according to the method described by Unlu et al., 2007 but with some 
modifications. DPHH solution was made by dissolving 8mg of DPHH in 200 ml of methanol 
and absorbance was checked at 514nm which comes around 1.399 on triplication of the 
results. The mixture was vigorously shaken and kept in dark room for half an hour at the 
room temperature.  Finally,3.2 ml of DPHH solution was mixed into 200 µl of each sample 
and kept for 30 minutes and absorbance was checked at 514nm. The percentage antioxidant 
scavenging activity was checked by the following equation 
%age DPHH scavenging activity = Ac-As/Ac*100 
Where Ac is absorbance of control and As is absorbance of sample.  
 
2.9.2. ABTS radical scavenging assay: The free radical scavenging activity of any fruit is 
determined with the help of ABTS assay. This method is basically a decolorizing assay, so 
the detection is easy and efficient. ABTS assay involves the production of the ABTS cations 
which are produced because of the reaction between 7mM ABTS in water and 2,45mM 
potassium per sulphate. These are mixed in the volume of 1:1 ratio. The mixture is stored in a 
dark place for atleast 12-16 hr before use or ca be kept overnight at the room temperature. 
But freshly prepared ABTS solution gives better results. So, fresh solution was used. ABTs 
solution is mixed with methanol for diluting and to obtain an appropriate absorbance of 0.700 
at the 734 absorbance. 
 Once the ABTS solution absorbance at 724nm was checked on UV absorbance 
spectrophotometer, then standard was made using Ascorbic acid in the concentration of 5 µl 
of each sample was taken and mixed with 3.995 ml of ABTS and kept for 30 minutes to see 
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the color change. Appropriate blank was run in assay. The experiment was done in triplicate. 
Percentage inhibition was calculated at 734 nm using the formula.  
ABTS scavenging effect= Ac-As/Ac*100 
Where Ac is absorbance of negative control (without sample, As is absorbance of the sample. 
 
 The reading was done on UV   absorbance spectrophotometer using different concentrations 
of standards control and different ethanolic fractions of mangosteen obtain from manual 
liquid chromatography column as shown in the table 4. The standard curve was formed as 
shown in the figure 6. The samples from 1% to 70 % show antioxidant activities which were 
calculated for unknown bioactive compounds present in different extracted pools using the 
standard curve.  
2.10. HPLC Analysis: When the unknown compounds were analysed by DPHH and ABTS 
antioxidant analysis then all samples were analysed by HPLC. HPLC gradient of 1% to 50% 
Methanol was used to isolate flavanol compounds of all fractions 1%-100%. Once the data 
was collected then the fractions 30% and 40% were analysed as they were showing high 
antioxidant activities. HPLC analysis was performed using analytical C18 HPLC column.  
UV detection was at 280nm. The HPLC mobile phases were 0.1% Formic acid and Methanol. 
HPLC column C18 analytical 4.6mm x 100mm, 2.7um.was used. Flow rate was 1mL/min 
and a gradient of 2% to 50% MeOH over 50 min. plus wash was used. Formic acid helps in 
detection and separation of various xanthone with UV detection at 254 nm generally.  
2.11. Mass spectroscopy analysis: Mass spectroscopy can be used to identify unknown 
compounds in a sample and can be used to elucidate the structure of the found compounds in 
mass spectroscopy ions are generated from the sample and these ions are separated based on 
mass to charge ratio and are detected. Then a mass spectrum is produced. Mass spectroscopy 
analysis was performed at Melbourne University. As the 30% and 40% fractions were 
showing highest antioxidant activity, so these were sent for Mass spectroscopy analysis. The 
instrument used was Agilent QTOF MS 6520 in which sample was directly infused. 
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Figure 2: Schematic presentation of outline of the project  
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Chapter 3. Results 
 
3.0. Mangosteen crude extract: Mangosteen crude powder extract Vx was used to make the 
extract using c18beads and ethanol using Rotavap.  Manual liquid chromatography was then 
used the extract the unknown compounds from mangosteen clinical sample called Vx. using 
different ethanolic gradients. Ethanol was used because of the higher solubility of 
mangosteen powder n ethanol. Ethanol is also efficient in degrading cell wall and thus 
promoting higher amount of endo-cellular contents in the extract.  
3.1. Standard curve of Ascorbic acid: A standard curve is drawn using absorbance and 
concentration data using set of standards as shown above in figure 3.  
 
 
 
Figure 3: Standard plot of ascorbic acid concentration (µg/L-1) vs absorbance at 514 nm 
From the Standard Plot shown in figure 3, R2 value comes out to be0.9846 which is 
permissible value that means graph has been well calibrated and it is statistical measurement 
of how close the data are to fit regression line. All the experiments were in triplicate, so the 
average absorbance of ascorbic acid is given in table 1.  
 
 
 
 
 
y = -0.0029x + 0.9669
R² = 0.9846
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Ascorbic acid concentration(standard) Absorbance at 514nm 
0 0.9727 
12.5 0.9404 
25 
0.917 
50 
0.8419 
100 0.5895 
300 
0.1069 
  
 
Table1: Measurement of the absorbance (514nm) of ascorbic acid (standard) at 
different concentrations. 
As it can be seen in table 1, with increase in concentration there is a decline in absorbance. In 
Table 2 the absorbance of different ethanolic fractions of mangosteen extract has been given. 
 
Mangosteen extract fraction 
concentration 
Absorbance at 514nm 
1% 0.1365 
10% 0.1827 
20% 0.1335 
30% 0.2147 
40% 0.1786 
50% 0.1643 
60% 0.3796 
70% 0.8949 
80% 1.0617 
90% 1.0945 
100% 1.117 
 
Table 2: Absorbance of different concentration of mangosteen ethanolic extract (1%-
100%). 
 
3.2. Calculation of unknown Bioactive compounds: The concentration of unknown 
compounds in different gradients of ethanolic extract has been given in table 3 which was 
calculated using standard curve line equation using the following equation  
Y= mx+C 
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Fractions concentration Absorbance at 514nm Concentration of Bioactive 
compounds 
1% 0.1365 0.12 
10% 0.1827 0.301 
20% 0.1335 0.216 
30% 0.2147 0.357 
40% 0.1786 0.294 
50% 0.1643 0.148 
60% 0.3796 0.643 
70% 0.8949 1.538 
80% 1.0617 1.827 
90% 1.0945 1.884 
100% 1.117 1.923 
 
Table 3: The concentration of unknown compounds in different gradients of ethanolic extract 
 
Once the concentration of unknown bioactive compounds was calculated then it was plotted 
against the concentration of different ethanolic gradients of mangosteen extract as shown in 
figure 4. It can be clearly seen that with the increase in concentration from 1% to 10% 
ethanolic fractions of mangosteen there is increase in the concentration of bioactive 
compounds in these extracts. 
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Figure 4: Plot of concentration of unknown bioactive compounds in mangosteen 
extract mgL-1vs concentration of extracting ethanol (%). 
 
3.3. DPHH %age scavenging activity: As experiment was performed in triplicate so 
average of absorbance at different fractions of ethanolic extract of mangosteen was calculated 
as tabulated in table 3. Then percentage scavenging DPHH activity was calculated using the 
formula  
%age DPHH scavenging Activity= (absorbance of control- absorbance of 
sample)/Absorbance of control*100.  
So, it is plotted as shown in figure 3. It can be seen from the figure 5 that the 30% and 40% 
fractions shown highest DPHH scavenging activity which is 87.54% and 87.99%. It is also 
cleared from the figure 2 that as we go from low concentration of ethanolic mangosteen 
extract after 40% fraction there is decline in the scavenging activity of DPHH and it is 
minimal in 90 % and 100 % fractions which are 10.58% and 1.538 % which is negligible and 
non- significant. So, we can say that all ethanolic fractions of mangosteen extract shown 
antioxidant activity confirmed by DPHH assay.  
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Figure 5: Plot of percentage scavenging DPHH activity vs concentration of bioactive 
compounds in mangosteen extract. 
3.4. ABTS scavenging Activity: First the standard plot was created using the ascorbic acid at 
different concentrations vs absorbance at 734 nm at shown in the Table 4. Experiment was 
performed in triplicate so average of absorbance was calculated as shown in the table 4. 
 
Concentration Ascorbic acid for ABTS 
assay  
Average absorbance at 734 nm  
1000 0.023166667 
500 0.432933333 
250 0.475466667 
125 0.578433333 
62.5 0.643666667 
31.25 0.657586667 
 
Table 4: Average absorbance of standard (Ascorbic acid) at different concentrations   
Once the standard curve was plotted as shown in the figure 6.The R2 value comes out  to be 
0.9714.This value is permissible value which means that  graph has been well calibrated and 
it is statistical measurement of how close the data are to fit regression line.  
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Figure 6: Standard curve of ascorbic acid concentration (µg/L-1) vs absorbance (724nm) 
for ABTs assay. 
Then percentage scavenging activity of ABTS was calculated using the formula  
%age ABTS scavenging Activity= (absorbance of control- absorbance of 
sample)/Absorbance of control*100 
The percentage scavenging activity of ABTS is given in Table 4. As it can been seen from the 
table that percentage scavenging activity increasing with increase in the concentration of 
ethanolic fractions and maximum in 30% and 40% fractions which are 37.2i% and 35.23% 
after that there is decline in the percentage scavenging activity of ABTS with the passing 
period. So, the least activity is shown in 1% mangosteen fraction which is 13.70%. This 
decline in scavenging activity may be due to lesser number of bioactive compounds in the 
fractions but cannot be confirmed.  
 
Concentration of ethanolic 
extract of mangosteen  
Average absorbance at 
724nm 
%age ABTS Scavenging 
activity 
1% 0.7254 13.70 
10% 0.7178 14.53 
20% 0.6545 29.08 
30% 0.5084 37.21 
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40% 0.5267 35.23 
50% 0.6151 25.65 
60% 0.6213 24.98 
70% 0.6228 24.82 
80% 0.6255 24.53 
90% 0.6863 17.94 
100% 0.7161 14.71 
 
Table 4: Calculated concentrations of different ethanolic fractions and %age ABTS 
scavenging activity at different concentration.  
When the concentration of ethanolic fractions of mangosteen extract from 1%-100% was 
plotted against the percentage scavenging activity it is illustrated from the graph that there is 
substantial decline in the percentage scavenging activity by ABTS cations with increase in 
the concentrations of samples (Figure 7).  
 
 
Figure 7: Percentage scavenging activity Of ABTS vs concentration of different 
fractions of mangosteen extract  
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3.5. HPLC analysis and sample preparation: Once the DPHH and ABTS antioxidant 
assays were successfully performed. The samples were run on HPLC. It has been observed 
from the data obtained from ABTS and DPHH antioxidant assay that 30% and $0% fractions 
were showing maximum antioxidant activities which were further confirmed from HPLC 
analysis. All the samples ( 1%,10%,20% 30% 40% 50% 60% 70% 80% 90% 100%) were 
prepared for HPLC Analysis . Before HPLC analysis all samples were filtered using 0.45µm 
PTFE filters. And 10ul sample was injected in the HPLC. There were prominent peaks 
corresponding to unknown compounds which may be non xanthones or flavanols. The HPLC 
analysis of 30% and 40% mangosteen fractions has been shown in the figure and figure. Each 
of the peak corresponding to unknown bioactive compounds are well resolved from the 
neighbouring peak as shown in the figure and figure –unique chromatograms of the non 
xanthones and flavanols makes them easy to identify. As no standards were available so to 
identify compounds the peaks were collected and sent for mass spectroscopy analysis. 
 
              Figure 8: HPLC Analysis of 40% ethanolic Fraction 
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3.6. Mass Spectroscopy Analysis: When the 30% and 40% peaks were picked from HPLC 
analysis as they were shown in the highest antioxidant activity then mass spectroscopy 
analysis were performed on 30 ad 40% fractions of mangosteen extract. On mass 
spectroscopic analysis done in Melbourne university two compounds were found one is 
catechin with molecular weight 290 KD.  Catechin is considered as non-xanthone. Other 
compound found was a dimer named Procyanidin (B1/B2/B3/B4) having molecular weight 
578kd. It is a flavonoid.  
 
 
 
Figure 9: Mass spectroscopic graph for catechin 
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Figure 10: Mass spectroscopic isolated peak for catechin  
 
Figure 11: Mass spectroscopic graph for Procyanidin  
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Chapter 4.  Discussion 
There are different views about mangosteen pericarp extract and its compounds. One study 
has shown cytotoxic activities in non-polar and antioxidant properties in polar fraction. 
According to M.Y Ibrahim et al., 2016, anticancer and cytotoxic effect of α-mangosteen has 
been shown. But opposite to this study, increased experimental colitis has been shown in 
mouse (Gutierrezet al., 2014). Moreover, safety of mangosteen pericarp extracted bioactive 
compounds has never been investigated on a large group of people to evaluate its safety. 
Schizophrenia is a disorder affecting 1% of the global population. Current treatments are 
costly and not proven fully effective and even industry have failed to give better agents than 
those we have had for the past half century. If a novel potential therapy for the management 
of this disorder can be identified, then discovery will have a major impact on human health 
worldwide. As enhanced understanding of the molecular components of mangosteen pericarp 
will provide information and leads for novel drug discovery, not necessarily limited to one 
field. It is possible in the biological screening that compounds with a range of activities will 
be discovered. So, there is an opportunity to develop low-cost prospective novel therapies 
that may target this new understanding of the biological underpinnings of schizophrenia. 
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5. Conclusion 
 1% of population in Australia is suffering from Schizophrenia. But there is lack of effective 
antipsychotic treatments currently.   These treatments are not only costly but have some 
positive side effects. So, this project will provide an opportunity to develop new natural 
therapy or may be effective pharmaceutical medicines against these mental disorders. The 
researchers have demonstrated efficacy for mangosteen pericarp extract in the treatment of 
schizophrenia in a pilot RCT and also have lodged a patent through Deakin University. This 
project will identify the principal bioactive ingredients of Mangosteen extract (ME)and this 
may potentially form the initial members of a “first in class” pharmaceutical treatment of 
schizophrenia. 
5.0 Future scope: Mangosteen pericarp and its extracts are the important source of 
antioxidants which have abundant antioxidant properties and can be determined by the 
various analytical techniques. So, there is a great potential of using mangosteen extract as 
natural source of antioxidants and which can potentially be important from pharmaceutical 
point of view. This can be used a natural treatment for many mental disorders characterised 
by high oxidation of brain cells. So, the bioactive compounds can be used as antipsychotic 
drug in future. But the safety of the mangosteen extract must be thoroughly studied.  
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